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1. Urban Trees

Through the implementation of AB 1888606, Suppliers that need to reduce water use to meet
regulatory targets are likely to promote efficiency for residential outdoor uses. Consequent irrigation
reductions on residential properties have the potential to impact urban trees in California, which
often rely on landscape irrigation to meet their water requirements. Understanding the consequences
of future water use efficiency efforts may bawgban trees requires an understanding of
Californiads existing ur lgaationfnoesiderstial seighborioeds wat e
across the state, and the reductions in residential outdoor water use likely to occur as a result of AB
1668SB 606 rulenaking.

1.1.Baseline Conditions

Californiads cities are plant ed (Awdlicdebal. 2015vi de v
Muller and Bornstein 2010; Pincetl et al. 26h8@)the composition of urban forests oftercts]

nursery offeringdincetl et al. 2018hd the preferences o$idents and managéfsolio et &

2015)more than environmental conditions. Irrigation has made it possible to incorporate many tree

species into Californiads urban f or @atakiet t hat
al. 2a1)
Recent work to characterize Californiads urba

about their structure and composition. There are estimated to be more than 173 million urban trees
statewide, with nearly 40% located in siagidy residential aregdcPherson et al. 2017)

St atewide, Calif or ni afasound half af the Urbarrtrees samplaline al s
random plots across the state had diameters at breast height (DBH) less than J&atielnd r

few trees were recorded in the size classes with DBH abovéifPtrerson et al. 201While

species diversity in California urban forests is typical{ivicigherson et al. 2016, 2017; Muller

and Bornstei 2010) the diversity of newer plantings may be far [dindler and Bornstein 2010)
suggesting possible declines in ovebahiforest diversity in the future.

Urban forest characteristics specific to residential neighborhoods across the state are not well
understood. In addition, the water requirements of urban trees and other vegetation have not been
assessed on a statevgickle. The analysis presented below helps to establish these baseline
conditions.

1.2.Mitigation and Adaptation Strategies

There are many possible mitigation and adaptation actions that Suppliers, other institutions, and
residents can take to reduce resmlemiidoor water use. In this context, mitigation responses are
those that work within existing systems to reduce water use, while adaptation responses change
systems so that they will be more resilient to reduced water use. These different mitigation and
adaptation responses may increase or decrease the risk to urban trees, although in many cases the
outcome is uncertain (Tafzld).

Whileturning off irrigatiorsystems entirely may reduce outdoor water use effectively, it also
increases risks to treegrravater stress. Other mitigation responses with existing irrigation systems,
such as adjusting settings and changing sprinkler heads, have uncertain outcomes for trees
depending on how they change the amount of available water. On the other handfirréesrben
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deep watering that can be facilitated with nonstructural interventions like soa{@&adrasesnto
Tree Foundation 202@yhileappropriatenulching preventsater loss and improves soil health
(ChalkefScott 2007; Wang et al. 2021)

Institutional actions to reduce outdoor water use will tzegtesk for trees if they are planned in
coordination with landscape managers and experts in horticulture and landscape design. An example
of such an action would béuaf replacemenebate or incentive prograwhichencourages

residents to convert spriafgated turf lawns to drougtaierant vegetation with drip irrigation.

This type of conversion can have uncertain outcomes for trees, and risks to trees are likely to be
lower if the terms of the program are determinednpith from experts and managers across

institutions, and if regionally appropriate educational materials and guidance are made readily
available.

While drip irrigation can be a very effective way to water trees, it must be set up and managed
properlytomet t he treesd needs. Mature trees typic:
of their canopies, although trees whose root systems developed in the context of frequent, shallow
lawn watering may require a period of transitional irrig@doramento Tree Foundation 2020)

the needs of existing trees aot fully considered in the design of waise yards, the process of
landscape conversion can physically damage existing tree roots and create sudden changes in
irrigation, potentially leading to tree water stress and (Rolimeson 2020Even when drip
irrigation is installed with treesd water nee
water stress under higgmperature conditions in arid clim#@kday et al. 201,3)hich could be a

concern in arid southeon inland regions of the state. Additional irrigation might be necessary to
supply adequate water to existing trees in such circumstances.

Table 7-1: Potential managerial responses (residents and/or institutions) to reduce residential
outdoor water use ad their expected effect on the risk to urban trees

Mitigation responses Adaptation responses

9 Ceasing or dramatically 9 Unilateral/uncoordinated actions by
reducing landscape irrigatior management and regulatory institution:

Increased
Risk

1 Changing irrigation settings | 1 Planting lowwateruse noncanopy
(timing, amount) vegetation

1 Changing sprinkler heads Changing landscape designs

Installing drip irrigation systems

Using shading alternatives (structures)

Municipalizing treenanagemertd
facilitate maintenance

1 Using soaker hoses toirrigal § Coordinating institutional planning with

Uncertain
Outcomes

= =4 =4 =9

©

o trees landscape managers and plant/landsce
®% | 1 Mulching around trees and experts

E x vegetation 1 Plantingdroughttolerant tree species

a) 1 Boosting urban forestry operation and

maintenance funding




1 Developing educational materials &
regional guidance

Note: Compiled by authors

One important adaptation strategy to prepare the urban forest for reduced wailiy aradlab

changing climate is to plant tree species with lower water needs. A current research initiative, entitled
0CIl i mat e Re adegtingltrees that have higlspoténtiaétd perform well under stressors
associated with climate changeand f or ni ads Central Vall ey, I nl @
California Coast climate zones (climatereadytrees.ucdavis.edu). This project ultimately aims to shift
the palette of trees planted in urban areas such thatateghse species will beplaced with trees

that are more drougtdlerant(McPherson and Berry 2018pwever, it will take years for newly

planted trees to mature and provide comparable benefits to existing shatéstiges of

adaptation strategy is likely to be more successful if urban forestry operations and maintenance
budgets are well funded.

1.3.Results: Effects on Urban Trees

Given the diversity of urban forests and urban contexts across theGahterofareduced

resigential outdoor water uassociated with AB 1688 606s expected to have varying impacts

on urban treeddany urban trees rely on residential irrigation, but some depend partially or entirely
on other water sources such as subsurface groun@yateret al. 2012[limate and tree

species composition also influence the likelihood that changes in irrigation could impact existing
urban forests. With these considerations in mind, it is ptssgilelistify areas where existing trees

are most at risk of negative consegas from reduced outdoor water Hseveveyidentifying

impacts of the legislation mlividual trees infeasible due to the influence of nst®specific

factors, such as the irrigation history of the greendwater acceasd the ways in whioverall

outdoor water use is reduiieor not reduceidl on a particular property

1.3.10verall Approach

To identify potential risks to urban trees from the implementation1668$B606,a multistep
procedure was followed. Firgthan forests located in areas subject to the legiglateon
characterized, including tree canopy cover, species composition, andisaegsiis

information, the total water demand of trees in residentiavaseatimated foall Supplies wih
available data. Water demartdesamount of wateegetationvould use if fully irrigate@ihe

water demand of turf grasas also estimated becausssetiite other major component of vegetation
in existingurban landscapétalresidential vegetatizvater demantrees and turf combined)

was comparei recentresidential outdoor water use, as wall @®dicted changesresidential
outdoor water use under different scenarios for the objectives specified by the legislatian. Finally,
better udlerstand risks to mature urban trees from changes in outdoor wafésaisef different
types of residential irrigation streetirees were evaluated based on field observations

1.3.2. Evaluating Current Urban ForestComposition in Residential Areas

The pocess of identifyingptential risks to urban trees from the implementation A6A8SB
606began with characterizithg urban forests currently found in the areas subject to the
legislationTree inventoriecBomCa |l i f or ni a @eve aoquetdfeom both puble and s
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private sourceand evaluated fgpecies composition and size distribution (for detailed methods,
seelTechnical Appendi®). In total, these inventories contained more than 6.5 million urban trees,

and more than 3.5 million of tleoseesverewithin residential areas in Supplier boundaries.

total, the inventories included more thA@@ tree speciekhis dataset is much larger than others

used to evaluate Cal i for ni(ddersaetah 2006, Z0b/r est co
Muller and Bornstein 2018)d provides exceptionally rich information in many parts of the state.

It is important to note, though, that tree inventories in residential areas primarily catalogue street
trees, and thisisalimitatof t he avail able data. The species
unlikely to be identical to that of the trees planted in other parts of its residential landscape, leading
to uncertainty ithe characterization tfie overall urban forest comgition. However, the general
characteristics and size distributioa of astrextarées are likely to reftboise of its urban

forest as a whole. In additistreet trees will be affected by changes in residential outdoor water use
becauséheyoften rely onrrigationwater fronresidential parceglBijoor et al. 2012b)

To describe trends in urban forests across California, differences in urban forest comgpesition
examined amorgix climate zones defined by th8. Department of Agricultuferest Service
(USFS)Figure7-1). Available tree inventories were not evenly distributed across the stat@ Table
shows the total number of trees includedamanalysis for each climate zone, and Fre2isthows

the Suppliers that had sufficient inventory datanweékidential areas for their urban foredte to
characterize For the Interior West and Southwest Desert climate zones, there were few trees
within residential areadl urban trees in the available inventevezeconsidered.

Figure 7-1 Urban retal water suppliers (URWS) with and without tree inventories, shown with
the California climate zones used for analysis (McPherson et al. 2016)

Legend:
@ URWS with tree inventory

10 :..
. L

Los Angeles —

Notes: Figure created by authors based on mapping\ sufficient inventory was considered to be

O 2,000 trees and O 2 trees/ha in residenti al areas.

the 2,006t r ee cut o were included if they had O10 trees/
t

f f I
di dndt meet he 02 treesHhad ©OQu3 0000 werees.ncl uded i f t
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Table 7-2. The number of inventoried trees included in the analysis for each climate zone in

California

Climate zone

Number of trees

Inland Empire 799,227
Inland Valleys 553,937
Interior West 9,321
Northern California Coast 938,346
Southern California Coast 1,440,10¢
Southwest Desert 54,088

Note: Author calculations based on compiled sources of tree inventory data.

Tree species composi tiwasrelaively @aliffierentiabed by iclianétes

zone (Figur&-2), suggesting that the existing urban forest has been planted with some
consideration for climatic differences across the state.

NMDS3

Figure 7-2: A non-metric multidimensional scaling ordination based on urban tree inventories

from four different climate zones in California

Inland Empire
Inland Valleys
- Northern California Coast
Southern California Coast

NMDS1

Notes: Each dot represents a different Supplier. Suppliers that are closer together have more
similar species compositions. Suppliers are colored and grouped by climate zombke Interior
West and Southwest Desert climate zones lacked sufficient Suppliers with inventory data to

include in this analysis.

0.5
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However, some species are common across muliaieedoned-or instangecrapemyrtle
(Lagerstroersgp.) was among the five most comineesfor all climate zones except the
Southwest DesgfTable7-3).

Table 7-3: The five most common species in urban tree inventories for each climate zone in
California, with shading to indicate the water use rating of each species

Inland Interior Southwest
Empire Inland Valley West North Coast| South Coast Desert
Crapemyrtle Chinese Mondell pine] London Queen palm| Mexican fan

pistache planetree palm
(Lagerstroem (Pinus eldajig (Syagrus
(Pistacia (Platanus | romanzoffiar] (Washingtor
chinengis acerifojia robusja
Sweetgum Crapemyrtle | Arizona ash| Sweetgum | Crapemyrtle| California
palm
(Liquidamban (Lagerstroemi; (Fraxinus | (Liquidambal (Lagerstroe)n
styraciflua velutina styraciflua (Washingtor|
filifera
Mexican fan London Jeffrey pine| Bradford Southern Date palm
palm planetree pear magnolia
(Pinus jeffiey (Phoenix
(Washingtoni (Platanus (Pyrus (Magnolia | dactylifgra
robusja acerifojia calleryana | grandiflora
Southern Bradford pear| California | Crapemyrtlel Mexican fan| Mondell
magnolia incensecedar palm pine
(Pyrus callerya (Lagerstroe)r
(Magnolia (Calocedrus (Washington (Pinus
grandiflgra decurréns robusja eldariga
Camphor treg Coast redwooq Crapemyrtlel Chinese Jacaranda | Arizona ash
pistache
(Cinnamomu (Sequoia | (Lagerstrog)r (Jacaranda (Fraxinus
camphora sempervijens (Pistacia mimosifdlia| velutina
chinengis

Notes: Water use ratings from the SelecTree database: green = low, light blue = medium, and
dark blue = high. Crapemyrtles Lagerstroemiaspp.) are not identified to species in most
inventories, and water use ratings for different species and cultivars of crapgtle range from
very low to medium.

The relative watereeddor trees in each climate zaverecharacterizedsingwater ratings from

the SelecTree database, which were deterbyreegert judgmentany of the most common tree
species are ratednasdium or even higtwater use (Table3), suggesting thtitese speciesay

require substantial irrigation inputs to remain healthy through the dry summer months in most parts
of the state. Only the Southwest Desert climate zone had a majoriywaétase trees among

its five most common species (TabB
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Water ratings by tree size (diameter at breast height, DBH) for all analyzed trees in each climate
zone are shown in Tabid. For all climate zones except the Southwest Desert and Intatior We
the majority of trees in all size classes were rated as medium water use. The Southwest Desert region
had by far the greatest percentages efviieruse trees in all size classes, suggesting a general
trend of climat@ppropriate species choicedlic dry region. However, in all climate zones, the
greatest percentage of laateruse trees was found in the largest size class, suggesting that the
planting of lowwateruse trees may actually have decreased over time. \Hwitztdrgbe species
tenced to be relatively uncommon in all climate zones, the percentagevatdngbe species was
generally consistent across size classes, with the exception of the Inland Valleys and Southern
California Coast regions. In these regions, the prevalergtevediteruse species decreased with

tree size, suggesting that fewer-wigieruse species have been planted recently.

Table 7-4: Mean percent of trees with different water use ratings for Suppliers in each climate
zone, in three size classes

Climate Tree size| High Medium Low Unknown | Total % of
zone Water Water Water Water trees
Use (%) | Use(%) | Use(%) | Use (%)
Inland small 5.8 58.2 8.7 27.65 23.7
Empire medium | 6.9 63.1 16.8 132 52.3
large 5.5 56.3 35.6 3.1 24.0
Inland small 7.5 60.7 3.1 29.1 38.0
Valleys medium | 13.0 | 74.4 5.1 8.2 45.2
large 18.8 64.3 14.9 7.9 16.8
Interior West  small 2.6 49.7 11.0 36.8 14.7
medium 1.4 59.1 33.6 5.9 59.9
large 1.6 38.7 51.6 8.2 25.4
N. CA Coast small 7.4 64.8 5.7 22.3 32.6
medium 13.6 66.3 8.6 11.4 49.0
large 18.7 57.1 16.2 9.3 18.4
S. CA Coast  small 7.4 62.1 9.7 21.2 21.4
medium 8.6 66.1 17.9 7.4 59.9
large 6.9 59.1 32.4 2.3 18.8
Southwest  small 0.2 36.8 40.5 22.4 15.7
Desert medium 0.5 28.1 61.7 9.7 60.3
large 0.4 10.6 80.7 8.3 24.1

Notes: Author estimates.Tree sizes are based on diameter at breast height (DBH): small is < 6

inches DBH, medium is 6518 inches DBH, and large is > 18 inches DBHNater use ratingsare

from the SelecTree database wi t h t he categories of overy | owdé and ¢
water ratings were uncommon. The majority of trees with unknown ratings weceapemyrtles

(Lagerstroemiaspp.), which are not identified to species in most inventories

Water use classtitions for the most prevalent group of species, crapefhadiestroersygp.)
merit particular discussion. Crapemyrtles aresatatied trees and are often only identified to

14



genus in inventories, leading to a large number of unknown wateinréimgsall and medium

size classes. Water use ratings for different species and cultivars of crapemyrtle that are commonly
planted in California cities range from very low to medium. However, these trees will use a large
amount of water for their sizé@n fully irrigateVynne and Devitt 2020)

Overall, these findings suggest thatwateruse tree species have not been prioritized in
Californiads ur ban f ofwatsrusstrees has bt increasdd subgtaatiallp | a n
over time. The popularity of crapemyrtles and the uncertainty of their water use ratings makes it
difficult to compare the percentages ofwateruse trees between the small and large size classes.
However, it islear that the majority of small trees would still be mediunghwateruse species

in all climate zones except the Southwest Desert. Even in this driest region of the state, more than
one third of small trees are medivateruse species. The high pydgn of small and medium

sized trees with at least medium water needs across the state suggests that substantial water inputs
would be required to maintain future urban forests as these trees grow and mature. In places where
water use reductions are seey, these trees with higher water needs will be at greater risk of
negative impacts from reduced irrigation.

1.3.3. Estimating Tree andT urf Water Demand

While theSelecTredatabase and other vegetation water use rating $stesharacterizelative
watemeedf trees and vegetatidhey donot supporthe quantitativalues ofvaterdemand

necessary to evaluate effects of water use reductions. Stat@swlerks in California used to
estimate demand of urban landscapes rely on a calculation related to the Model Water Efficient
Landscape Ordinance (MWEL®WELOis based on irrigated area, reference evapotranspiration,
and a coefficient of efficiencyasated with plant species and irrigation sysiérase factors are
typically known for the new landscapes MWELO was designed to characterize; however, with the
exception of reference evapotranspiration, determining accurate MWELO inputs for existing
landscapes at a statewide level is impractical. Furthermdk&Er©-derived approach to

estimate water demand is being used by state agencies as parakihgigand an independent
strategy was required for the environmental impact assessment

Therefoe, this analysis uses a methodology developed in Los Angeles, which estimates municipal
scale water demand based on calculations of tree transpiration and turf evapotrénspatatbn

al. 2017b)These calculations are derived fromrielasurements of transpiration rates in

numerous urban tree speg¢latrak et al. 2017@s well as evapotranspiratetes of turf grass

under varied environmental conditidoiszak and Pataki 2016his method proved robust in pilot

studies, but it requires substantial data inputs 7Fabla brief description of strategifor

acquiring and calculating the necessary data inputs follows, and more detailed methods can be found
in TechnicaRppendx-2.

15



Table 7-5: Summary of data needs for estimating tree and turf water demand using the method
described in Litvak et al. 2@7a

Trees Turf
Total number of trees Total turf area
Planting density of each species Proportion of turf area under tree canopy

Mean sapwood area of each species Monthly mean reference evapotranspirat
Characteristics of each species:
1 Type (broadleaf, conifer, paln
1 Evergreen vs. deciduous
Monthly mean vapor pressure deficit
Monthly mean solaadiation

Note: Developed by authors

Determining TrealArea of egetatioiree€Canopyandrurf

For each Supplier, the total number of residertis &md the area of residential turf are

fundamental inputs for calculating water demand using this technique, but they are relatively
challenging to determine. First, the total tree canopy area and total residential vegetated area for each
Supplier needdd be calculated. To get these values, residential areas for each Supplier were

defined based on parcel data. Parcels with residential use codes were aggregated,-and then a 10
buffer around the parcels was applied to capture the canopy area of éxxesdea over the

street. To ensure that the buffer did not include canopy area from trees planted in nonresidential
parcels (e.g., schools), nonresidential parcels were clipped out of the buffer. In total, 384 retailers

had sufficient parcel data toidefresidential areas.

Total tree canopy area within residential areas was determined using a shapefile of 2018 California
urban tree canopy cover that was created by the company EarthDefine using artificial intelligence
techniques. This file was made iplybavailable through the USFS and CAL FIRE. For Los

Angeles County, tree canopy data available frarngtfngeles Region Imagery Acquisition
Consortium(LARIAC) was used because it appeared to be slightly more accurate in that region.
These canopy fdevere clipped to the residential areas of each Supgbédanopy cover within
residential areas. However, some residential areas within Supplier boundaries were not included in
either of these tree canopy layers. For those areas, the percent canopy cover was determined using
point count estimates on 2018 aeriabery from the National Agriculture Imagery Program

(NAIP).

Total vegetated area within residential areas was determined using the normalized difference
vegetation index (NDVI), a remote sensing technique that identifies living vegetation based on
reflectance values. NDVI values were calculated using 2018 NAIP imagery, which has a resolution

of 0.6 m. The difference between the total vegetated area and the total canopy area was assumed to
be unshaded turf. To get a total turf area estimate, 50% ekthmaeer the tree canopy was

assumed to be turf, and this value was added to the unshaded turf value. The percentages of
residential area covered by tree canopy and turf are shown for all 384 SEgliess 3
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Figure 7-3: Tree canopy and turf cover as a percent of residential area for 384 Suppliers
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Note: Created by authors

Because these remote sensing techniques cannot reveal what is under the tree canopy, the amount o
turf under tree canopy is a source of uncertaitttis analysis. However, because shaded turf uses
substantially less water than unshade(Lttuék and Pataki 201@)is potential source of error

does not have an extremely large impact on overall turfleratend estimat@stvak et al.

2017b) In additionthis method assumes that all noncanopy vegetation is turf, whidtristtyot

truein most placegHowevermaking this assumptigivesan estimatef the maximum water
demandexpectedrom noncanopy vegetation in a given.area

CalculatinigirfWateiDemand

Given the above data, the calculation of turf water demand, or evapotranspiration (ET), is relatively
straightforward using Equatidifsand12 (Litvak et al. 2017b)

oY Q 0y

()
- Y o
N ® A (12

wherekncis a microclimate coefficieAtnaqels the area of turf under the tree candpyiis the

total area of turgnd parameteesandbare fixed aa= 0.90 £ 0.09 and= 0.35 £ 0.13, based on
empirical measurements (Litvak and Pataki R0d#). monthly reference evapotranspiratiog) (ET
values were calculated from Spatial CIMIS data for each Supplier, for the ¥28d020hé

resulting ET measurement is in mm/day and can be multiplied by the total turf area to get a volume
of water used per day.
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CalculatingeaVateDemand

The calculation of tree water demand is more complex and requires additiopats{&guation
13. From Litvak et al. (2017a), the transpiration of ee$ is calculated as:

0 0 0 0 13

whereEy is the transpiration of flowering or broadleaf {{ggationl4), E..is the transpiration
of coniferg Equationl5), andEpamds the transpiration of palm tréEguationls). The
transpiration obroadleaf treemndconiferscan be estimated using equations baskelan
measurements:

0 P& pmMQO ud AL w0 @y (14

0 8 pmTQd LB CHAE OO G &Y (15

whered is the density of specigser hectarél g (cn¥) is the average sapwood area of each species
i, VPD (kPa) is the vapor pressure deficit of the ailRgid m?) is incoming solar radiatidys

for ET,, monthly meaPD andRsvalues for each Supplier fragil42019 Spatial CIMIS data

For deciduoug¢esE was assumed to be zero for the winter monthsdfédvfor most parts of

the state).

Palm tree physiology is substantially different from that of broadleaf and coniferous trees. The
transpiration of palms can be estimated as:

(0] 81 p X (19
P 35 T TT
whered,amds the total density of palms.

The data used to determine the density of each species and the sapwood area of broadleaf and
coniferous tree species are described briefly beldwrbeecal Appendi& for more details.

Treepeci€ompositiddensitysapwoodirea, antraits

As detded in the previous section, tree inventories allowed the characterization of species
composition and size distribution for residential trees within many Supplier service territories (see
below for Suppliers lacking inventories). To calculate the deinsite ach s peci es i n a
residential area, two pieces of information were necessary: the total number of trees in that area and
the relative abundance of each species. Relative abundance was calculated from the inventory data a
the number of treesf each species divided by the total number of trees in the inventory. Because
inventoried trees represent a sample of unknown proportion for any given area, their numbers

cannot be used directly to calculate the total number of trees. Instead, psveadl tside taken
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to calculate the total number of trees. First, allometric equations were developed to relate DBH
values to tree crown area for different types of trees. These equations were then used to calculate the
crown area of each tree, from wtaahean tree crown area for each Supplier could be calculated.

The mean tree crown area is the average canopy area occupied by one tree. Finally, the total tree
canopy area was divided by the mean tree crown area to estimate the total number of trees. The
density of each species is its relative abundance times the total number of trees, divided by the total
area of tree canopy (to get density in trees per hectare).

Sapwood area is the part of a treedeswhterunk th
use. The relationship between a treeds DBH
equations relating DBH to sapwood area were developed using literature values for 37 common
species representing 31% of all inventoried trees e€@ssiacking data for allometric equations,

mean sapwood area values were used based on all available data. Sapwood area was calculated for
each tree, and a mean value for each species for each Supplier was derived.

Each tree species was categorizebrasdleaf, conifer, or palm based on its family, and the

SelecTree database was used to categorize each species as deciduous or everledim¢Table 7

Inland Valleys region had the greatest percentage of deciduous trees, while the Interioré@Vest had th
greatest percentage of conifers, and the Southwest Desert had the greatest percentage of palms. The
Southern California Coast and Inland Empire regions both had relatively high percentages of
evergreen broadleaf trees.

Table 7-6: The percent of differettypes of trees in each climate zone

Region Broadleafd Broadleafd Conifer 8 Palmd
deciduous (%) | evergreen (%) evergreen (%) | evergreen (%)

Inland Empire 39.9 39.2 8.9 12.0
Inland Valleys 74.0 13.9 9.4 2.6
Interior West 50.6 5.0 44.1 0.3

N. CACoast 57.9 29.6 9 3.5

S. CA Coast 31.0 42.8 9.8 16.4
Southwest 34.8 23.6 5.2 36.4
Desert

Note: Author calculations

With all of these pieces of data in plageyvas calculated for each Supplier. Again, the resulting
value was in mm/day, and was multiplied by the total tree canopy area to get a volume of water used
per day.

EstimatinfreéVateiDemand fBetailers withbwentories

A substantial number of Suipps lacked sufficient tree inventory data to characterize their urban
forests (Tabl&-7). Toobtainestimates of tree water demand for these Suppliers, their species
composition was predicted from areas with existing inventories, using both climatic and
sociodemographic characteristics to find areas whose urban forests were likely to be most similar.
First, giverthat suppliers within the same climate zone tend to have relatively similar urban forest
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compositior(Figurer-2), Suppliers were separabgalimate zonalithin each of the four climate
zones with adequate datgoint species distribution modeling technique known as the hierarchical
modeling of species communifieMSC)frameworlkwas employe®vaskainen and Abrego

2020) This technique all@the useof sitecharacteristiand tree speciggitsas pretttors to

model urban tree inventory composition andcaigsidershe spatial relationships among different
sites.

Table 7-7: The number of Suppliers with and without sufficient tree inventory data in each

climate zone
Suppliers with data Suppliers wihout data
Inland Empire 54 17
Inland Valleys 38 75
Interior West 0 5
N. CA Coast 47 28
S. CA Coast 82 17
Southwest Desert 2 19
Total 223 161

Note: Author calculations

To allow the inclusioaf sociodemographi@riables as predictarfsurban tree species
distribution these modeisere run byip codanstead of by Supplier. For model fittmdy zip
codes with at leasDRO0 residential trees and at least 2erdectare were included. Models were
fit usingthe most common species in each climate zone that netdeag®3% of total trees
Although nodelswere run separately feach climate zone, a buffer of adjoining zip codes from
other climate zonegas inclded for model fittingSociodemographic predictén@m the American
Community Survepcluded median househalidomethe Blau index of racial divergugrcent
home ownershignd development agélimate predictors included precipitation, minimum
temperature, and maximum vapor pressure deficit derived figgar3@rmal values from the
PRISM Climate Groufvery variable included in each model was important for predicting the
distribution of some species, and species varied widely in terms ofnabies veere most
important in predicting their distributions (Figue.

20



Figure 7-4: An example of results from the Inland Valleys HMSC modébr the first twelve species
alphabetically, showing the proportion of the variance n e ac h s p dianiexplaitedlyi st r i bu
different types of predictors in the model
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The models provided predictions of species composition for each zip code; however, it was not
possible to model size distributions simultaneously, and size information is crucial for transpiration
calculations. Therefore, thedicted urban forest compmsi of each zip code withointventory
datawas usetb find similar zip codes wiithventorydata, based on the Bi@yrtis dissimilarity
metric.For each zip code within each Supplier in need of a predigiigvas calculatedr all

similar zip codes usingtBep p | I e r 0 s This $trategp \tielwadahgetofgpredictions for
eachzip codeas well as a mean predictoweighted meaB..value for eacBupplierwas

derived from these mean predictjdrased on the pportion oft h e S uapep dccupiad Bys

each zip cod&or the Southwest Desert and Interior West climate zones, which did not have
enough zip codes with data to run these models, all zip codes with available data were used as
predictors for Supplierstivout inventory data.

Monthly arinnualWateiDemanHBstimates

Once water demand estimates were calculated for each Supplier, they were converted to gallons per
capita per day (gpcd) using population values from 2020, which were available for all but one
Supplier. Median monthly water demand estimates in gpcd for turf, broadleaf trees, and conifers for
Suppliers in each climate zone are shown in F§uRalms did not account for enough water use

to be visible in the graphs. Turf was on averagegastlaomponent of vegetation water demand

for all months in all climate zones, while conifers were on average the least, except for the winter
months in the Interior West region. Conifers were less common than broadleaf trees in all climate
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zones (Tabl&5), and were also found to have slightly lower transpiration rates than broadleaf trees
given the same conditigistvak ¢ al. 2017c¢)The high proportions of deciduous broadleaf trees in

the Inland Valleys and Interior West regions are evident in the dramatic decrease in broadleaf water
demand during months when these trees were expected to be dormant. High sunteerandter

values for the Inland Valleys, Interior West, and Southwest Desert climate zones reflect the hot, dry
summer conditions in these regions. The relatively high and low water demand values in the Interior
West and Southern California Coast climates zarspectively, reflect the relatively low and high
population densities of Suppliers in these areas.

Figure 7-5: Median monthly water demand of different vegetation types for Suppliers in each
climate zone
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Annual vegetation water demand values in gpcd varied widely for different Suppliers, largely
due to differences in vegetated area per capita. F&ghews the range of annual vegetation
water demand per capita for Suppliers in each climate zone.
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Figure 7-6: Annual per capita vegetation water demantbr 383 Supplierdy climate zone. Note
the log scale on the~axis
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1.3.4. Estimating Irrigation Reductions

As noted irChapte#, saturation rates for indoor fixture efficiency improvements are already high.
Therefore, the majority of water use reductions needed to achieve objectives undeEBBA668

are expected to come from outdoor water use and primarily residential irrigation. For the purposes
of this risk assessment, it was assumed that 85% of reauitmshe new objectives would

come from outdoor water use. The projected 2030 outdoor water use value for each Supplier was
correspondingly calculated as:

000 QEET0O60QELET TMUL 6 OI QA QENOQQOLO QL Q (17

wheke Outdoaxois the calculated outdoor water use for BeXelineis the baseline total

projected water use for 2030 in the absence of ABSB6686, an@bjectiygis the objective

calculated under one of the three scenauitinsed inTable 31. Theestimation strategy guaranteed

that any Supplier with a net reduction under the new standards was projected to see a reduction in
outdoor water use.

In a few cases where large total reductions were necessary, the projected reducomiateutd

use was greater than the current outdoor water use, yielding a negative projected outdoor water use
value. These negative numbers were corrected to zero. While it is extremely unlikely that outdoor
water use would actually reach zero, this mojealue reflects the dramatic reductions that would

be necessary to achieve the new objectives.
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1.3.5. Impact Assessment

Translating changes in irrigation to effects on urban trees requirddsedskpproach with
multiple considerations, including

1) factors affecting tree lifespan
2) responses of mature trees to changing irrigation practices
3) evaluation of likely changes in irrigation in relation to modeled vegetation water demand

The combination of factors was used in a multistep procedure thattobadhthe risk of AB
1668SB 606 reductions to urban trees in a Suppl
low, moderate, and high. The input considerations and assumptions to create the risk categorization
scheme relied on the resfriten modeling and field studies, as well as expert judgement.

Factoraffectinfyed.ifespan ahtbrtality

The urban environment poses many challenges for trees, indogagted sojlbow nutrient

and water availabilignd vandalism, which cantcimte to relatively high mortality rates in urban
forestgNowak et al. 1990; Scharenbroch et al..20fZhe other hand, maintenance practices
including irrigation can promote urban tree suiiReathan et al. 2014 umerous physical
factorsand humainfluencesnteracto affect urban tree mortal{tyilbert et al. 2019%mong

human influencesnaintenandeasbeen shown to hearticularlymportant inexplaiing tree

survival in théirst few years after plantjraqnd survival ratbsve also been related to
socioeconomic status and homeowne(glapet al. 2015; Nowak et al. 1990; Roman et al. 2014)
On the biophysical side, factors including tree age, size, and condition, as well as the intrinsic
characteristics of different tazanaffectt e e s suscepti bility to stres:s
and pestgHilbert et al. 2019Because urban trees are typically planted from nursery stock, their
drought tolerance, pest and disease susceptibility, and rates of estadiestsuentiuenced by

different mursery production systefddlen et al. 201.7)n urban agas, tree mortalitgay be caused

by removal rather tharatural death. Removal efforts sometimes preemptively target trees in poor
condition, especially if they cause safety concerns, but trees may also be removed due to conflicts
with infrastructure (e,gidewalkipheava) construction or demolition projects, or aesthetic
preferencefHilbert et al. 2019)

The AB 166&B 606 legislation is expected to reduce outdoor water use in some places, and thus
water stress is the most relevant faetated to tree mortality that is likely to be impacted by the
legislationWater stress, especially in combination with other stressors, can limit urban tree growth
and lifespafMay et al. 2013; Nielson et al. 2007; Nitschke et alaB0LAn also make urban

trees more vulnerable to other health problems such as insect inf€tdmpand Dix 2001; Dale

and Frank 2017In the arid and semiarid environments found across much of the state of
California, where many urban trees rely on irrigation(®iger et al. 2012pa reduction in

irrigation inputs couldherefore have a negative impact on their health, growth, and survival,
particularly in the face of increasing temperatures and drought severity associated with climate
changéMay et al. 201.3)

Irrigation water constitutes vareptoportions of the water used by urban tBesr et al. (2012)
showed that mature trees in Los Angeles made use of groundwater resources even where irrigation
was present, and groundwater constituted anywher@B8o¥h of total tree water use depeg
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on species and location. On the other hand, many mature trees in the same study relied primarily on
irrigation water, suggesting that they had developed shallow root systems and would be particularly
sensitive to a sudden reduction in surface irngBijoor et al. 2I2b) Even trees in unirrigated

areas in California cities may use a substantial amount of water from urban runoff in the dry season
(Bijoor et al. 2012b; Solins and Cadenassq 208@¢sting that they may also be affected by

changes inrrigation patterng.he high variability and uncertainty around irrigation dependence
contributes to the difficulty in predicting the responses of individual trees or particular urban forests
to reduced irrigation. However, trees that experience sudlgeiors in water availability are likely

to see negative health effects, particularly if they are species with greater witay e¢edls

2013)

Assessing ResponsdvisituréhaddreewDifferentrigatioRractices

It is expectethat changes in irrigation practicegsponse to AB16&B606will beunevenly
distributed across urban landscapitis,some residents reducing irrigation dramatically and others
continuing to maintain current irrigation practices. fthsisikely that some mature trees will
experience large changes in residential irrigation inputs, while others will continue to receive
irrigation from lawns and other landscaping.

To provide @etter understaim ofhow heterogeneously distributedrades in irrigation may

affect the health of urban foreststudy was conducted to deterrtineeffects of residential
irrigation practices on tanopy health and water sti&fsmaturestreet trees. London plane tree
(Platanuscerifo)isvas identified as the focal species for this investigation because it is one of the
most commonly planted street trees throughout California and is rated as -avatedise

species, reflecting the water needs of the majority of mature streethieestatien. tA visual canopy
health assessment was conducted on more than 400 mature London plane trees in Sacramento and
Davis. These trees were growing in planting strfigst of properties with three contrasting
irrigation practices in their front ysird) wellrrigated lawns, Byvaterwised landscapingith drip
irrigation and 3) unirrigated landscapingddition, midday and predawn water poténtial
indicators of maximum water stress and accessible soil water, reSpgeteeheasured on a

sub®t of 24 trees in Davis. All assesseitad DBH values greater than 30 cm.

On averagerdes in front of unirrigated front yahdsl lower scores for canopy health than those

in front of yards with lawns or drip irrigation (Figurg. Trees in frondf unirrigated front yards

also experiencedoremiddaywaterstressand less access to soil wetan those in front of yards

with irrigated lawnsyhile those in front of driprigated yards experienced intermediate levels of
stress and soil water ac@-igure-8). Canopy health scores for trees in front ofidrigated

yards were also intermediate; however, the average difference between scores for trees in front of
lawns and driprigated yards was less than half a point.

There was considerabfgread in the data fsees neighborirgl threeypesof yards suggesting

that factors beyond frontyard irrigation influenced tree health and water stress. However, these
findings do suggest that if residents respond to calls for water use cutteaiadio irrigate

their yards, the condition of mature trees is likely to be negatively impacted, possibly leading to
eventual mortality. On the other hand, drip irrigation systems may save water without having a
substantial negative impact on existe®s, assuming that gystemsire properly installed.
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Figure 7-7: Visual canopy health assessment scores for London plane trees in front of yards with
different irrigation practices

[ 1
Q
@ *
=
T 121 —
(1) -
e . .
>
Q_ - - B ———
2 8 .
© .
o L]
4' L
Lawn Drip Unirrigated

Notes: Created by authors based on data collected by authors. Asiks indicate mean scores,
while boxplots show the minimum, % quartile, median, 34 quartile, and maximum scores.

Figure 7-8: Midday stem water potential (a) and predawn water potential (b) measurements for
London plane trees in front of yards with diffeznt irrigation practices
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Notes: Lower (more negative) measurements indicate greater water stress. Asterisks indicate
mean values, while boxplots show the minimum stiquartile, median, 3¢ quartile, and maximum
values.

RiskBased pproach

The likelihood that Suppliers would be at increased risk for negative impacts to their existing tree
canopies was assessed based on projected changes in outdoor water use and whether projected
outdoor water use levels would be below the needs of exdagetation under different objective
scenarios. For the 357 Suppliers with both vegetation data and baseline water use projections,
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categories of risk were assigned following the decision tree in-Bigire many sitepecific

factors affecting tree pEmses to reduced water inputs and the anticipated variability of resident
responses to the new standards make it infeasible to estimate the number of trees that could be
affected by AB 1668B 606.

Figure 7-9: Decision tree for assigning Suppliers to leve of risk facing their existing urban trees
given new water use objectives under AB668SB 606
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Note: Developed by authors.

The risk categories are relative to changes anticipated to stem from the legislation. For Suppliers that
are not expected to neediuctions in water use to meet their objectives, urban trees will face no
additional risks due to AB 166B 606. However, once any reduction in water use is required to

meet the new objectives, some risk exists for urban trees because it is paswitderdsdents

will respond by reducing irrigation inputs that trees were relying on. The overall severity of that risk
was judged to be low if the projected outdoor water use was above the estimate of total vegetation
water demand (both trees and tisdause in that case, the needs of trees and other landscaping
vegetation could likely be met simply by improving irrigation efficiency. The risk was also
considered low if the overall water reduction to meet the objective was less than 5%, as irrigation
levels would not need to change very substantially to meet the objective. In Sopartasisly

in more rural are@sestimated vegetation water demand far exceeded outdoor water use, suggesting
that most trees were not relying on irrigation to meetwéeer needs. Therefore, if current

outdoor water use was less than 10% of the estimated vegetation water demand for a Supplier, the
risk was also considered to be low.

If the projected outdoor water use fell below the estimate of vegetation watey tthenniak was

judged to be higher. Irrigation efficiency improvements alone would be unlikely to meet the new
objectives, meaning that a level of irrigation below the demand of current vegetation would be
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predicted for 2030. Therefore, depending ondingtation and mitigation actions taken, some trees
would likely experience reduced water availability. However, if the projected outdoor water use was
still above the water demand of trees, the risk was considered moderate because the necessary
reduction ould potentially be met through turf reduction measures. If the projected outdoor water
use felbelowthe water demand of trees alone, the risk was considered high. In this scenario, it
would be unlikely for a Supplier to meet the objective and stflilhawvagated trees.

As noted above, irrigation is not the only source of water for trees and other vegetation. In most
places, precipitation provides some water to landscaping plants, and trees may also access
groundwater in certain areas. The amdumater these sources contribute to vegetation is very
difficult to estimate. Detailed groundwater level data are not available across the state, and even if
they were, the ability of different trees to access groundwater at different depths wauilghsill be
uncertain. Although precipitation data are more readily available, the amount of precipitation water
that is accessible to plants is highly variable in urban areas. Without considering these additional
water inputs, though, some Suppliers woutd&igned to the higisk level even though their

trees likely receive enough water fromimation sources that outdoor water use reductions

would not pose a severe threat.

An estimate for the amount of water vegetation was accessing from sarrtfesnathigation

was determined by assuming that current outdoor water use was adequate to meet vegetation needs.
Thus, if the vegetation water demand estimate was above current outdoor water use, the difference
was considered to be the amount of watgladle from nonirrigation sources. This difference

might also reflect an overestimate of vegetation water demand compared to actual vegetation water
use, since water demand reflects transpiration under fully irrigated conditions, assumes that
noncanopy egetation is turf, and assumes that 50% of the area under canopyhstever the

difference comes frarthis value represents an amount of water that does not need to be supplied

by irrigation. This value was added to the 2030 projected outdoose&erach Supplier in the

highrisk category, and if the resulting value was above tree water demand estimates, the Supplier
shifted to the moderatesk category. Suppliers already in the modstatategory would not

move to the lowisk categorwith this adjustment, because the projected outdoor wditer use

always lower than current outdoor watei wgeuld still be lower than the total estimated

vegetation water demand.

Results by Scenario

The three different objective scenarios had very diffesteptofiles for the 357 Suppliers analyzed,
as shown in Table8 and Figurgd-10 In Scenario,With a final indoor standard of 50 gpcd and
outdoor standard of 0.63% of Suppliers would need no reductions in total water use, and their
trees would trefore be at no risk from AB 168B 606. Only two Suppliers fell in the nigta
category, while 12% were at moderate risk and 24% were at low risk.

In Scenario 2yith a final indoor standard4i gpcd and outdoor standard0o62, the percent of
Suppliers facing no risk fell steeply to 34%, while the number in the modecaggory
increased substantially to 42%. Still, only four Suppliers fell in thekitgkegory, and 23% were
at low risk.
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In Scenario 3yith a final indoor standard 3 gpcd and outdoor standardiob5, only 22% of
Suppliers were at no risk and 15% were at low risk. The majority of Stpplievere in the
moderateisk category, and the number in the-higlhcategory increased to 25, or 7%.

Table 7-8: Number of Suppliers in each level of risk for urban trees under three objective
scenarios

Scenario 1 Scenario 2 Scenario 3
Risk Level (Indoor std. =50 GPCD | (Indoor std. = 50 GPCD (Indoor std. = 50 GPCD
Outdoorstd. =0.70) Outdoor std. = 0.70) Outdoor std. = 0.70)

No risk 226 120 78
Low risk 87 83 52
Moderate risk 42 150 202
High risk 2 4 25

Note: Author estimates

Although levels of risk were distributed across the state, the Northern California Coast region
generally had fewer Suppliers in the higher risk categories, while the Southern California Coast
region had more (Figurel0). In general, the wider Los Angetsgion had the greatest
concentration of Suppliers in the modekatd higkrisk categories under all scenarios.

Figure 7-1Q Locations of Suppliers with different levels of risk for urban trees under three
objective scenarios
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Note: Developed by autheos based on multiple data sources applied through the risk framework.
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Effects &romncome abDdsadvantageEmmmunities

Risks to urban trees may be amplified iAdoame and disadvantaged communities with fewer
resources for adaptation and mitigation practices such as installing efficient irrigation systems and
replacing turf with lowvateruse landscaping. Risk from AB&SB 606 under the three

considered scenarios does not appear to be skewed by income or to disproportionately affect low
income and disadvantaged communities. There were no clear trends in the distribution of median
household income (MHI) for communiteesved by Suppliers at different levels of risk, with wide
ranges for all risk levels except the-hgcategory iScenarios 1 and 2, which included very few
Suppliers (Figuréll). Although the median MHI value was highest for Suppliers with imo risk
Scenarios 2 and 3, the median MHI value was lowest for Suppliers with low risk. MHI values were
available for 350 of the Suppliers included in the risk assessment.

Figure 7-11 Median household income for Suppliers at different levels of risk in thhree
objective scenarios

Scenariol Scenario2 Scenario3
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200000 1
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Notes: Developed by authorsFor risk levels, N = no risk, L = low risk, M = moderate risk, and H
= high risk. Scenario 1: indoor standard = 50, outdoor standard = 0.7. Scenario 2: indoor standard
=42, outdoor standard = 0.62Scenario 3: indoor standard = 35, outdoor standard = 0.55

As noted irChaptert.3.7 California Water Code identifies water systems serving Disadvantaged
Communities (DACs) and Severely Disadvantaged Communities (SDACSs) as Mblddesih
than$60,18&r $45,14respectively. The percentage of Suppliers in the mooiehédérisk

categories was comparable across different income levels-9QJ.dide Suppliers serving DACs

and SDACs, the percent increased from 11% to 64% between Scenaripwhileritié of other
Suppliers increased from 13% to 64%. However, a slightly greater proportion of Suppliers serving
SDAC:s fell into higher risk categories. In Scenario 3, 67% of Suppliers serving SDACs were in
moderateor highrisk categories, and taemmunities are likely to face greater challenges to
implementing watexaving measures that would protect trees. Thus, while DACs and SDACs are
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not affected in substantially greater proportions by ABSB686, the consequences of water
reductions fourban trees may be more severe in these areas.

Table 7-9: For the three objective scenarios, the number of Suppliers in each level of risk serving
communities with different income levels

Scenario 1 Scenario 2 Scenario 3

SDAC | DAC | Other| SDAC | DAC | Other| SDAC | DAC | Other

High 1 0 1 1 1 2 2 6 | 17
Risk Moderate 3 7 32 13 28 106 17 38 143
level " ow 8 24 | 53 6 21 | 55 4 13 | 35
None 16 | 40 | 165 | 8 21 | 88 5 14 | 56

Total K 28 71 251 28 71 251 28 71 251

Note: SDAC = Severely Disadvantaged Communjt median household income <$45,141DAC =
Disadvantaged Communiy, median household income <$60,188

Uncertainty and Data Limitations

It is important to note that despite best efforts to improve the accuracy of vegetation water demand
estimates in this analysis, some uncertainty in the risk assessment is inherent given the available data
and methods, artdeassumptions included in the calculations may be more accurate for some
Suppliers than others. Key uncertainties for the tree water demand modeling come from

assumptions that the inventoried trees are representative of the species and size disthibutions of
whole residential urban forest; that the sapwood area and crown area estimates of different
individuals and species in an area converge on mean values; that tree canopy area accuracy and tree
crown overlap do not substantially influence estimateg afeinsity; and that the transpiration

equations for different types of trees hold across the different suites of species found in different

parts of the state. Uncertainties surrounding these assumptions are magnified for Suppliers that
lacked tree invemty data. Notably, Suppliers were much less likely to have inventory data if they
served disadvantaged communities, leading to greater uncertainty in these areas. Only 21% of
Suppliers serving SDACs and 37% of those serving DACs had inventory da@owahile 7

Suppliers serving other communities had inventory data. Lack of inventory data is another factor

that will contribute to challenges in planning and implementing mitigation and adaptation actions to
protect trees in disadvantaged communities.

For tuif water demand estimates, key uncertainties result from the assumption that 50% of the area
under tree canopy was turf; that allcamopy vegetation was turf; and that differences in the built
environment did not substantially affect shading of tusivisahot under the tree canopy. For

areas where noncanopy vegetation already comprises primasalietase species or where areas
underthetree canopy are primarily unvegetated, water demand was likely overestimated and may
have ledto arisk ratinfo o moder at e6 where o0l owé woul d have
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projected outdoor water demand estimates themselves are a source of uncertainty, as the responses
of individual Suppliers to the objectives are unkrawincurrent outdoor water uséireates are
also based on calculations with embedded uncertainty.
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2. Urban Parklands

Parks provide important spaces for recreation, reflection, socializing, and cultural expression, and
their vegetation can contribute to the-iveithg of urban residentérban parklands are included as

part of the Institutional category in the Commercial, Industrial, and Institutional (CIl) outdoor water
use designation as defined by AB-Bi806. Outdoor water demand for park landscapes with
dedicated irrigation metenr® included in the regulatory framework and water use objectives. Many
gaps exist in understanding the relationship between urban parks and water use, including how
parklands without dedicated irrigation meters may be considered as part of the&SBBUB568
legislation

2.1.Baseline Conditions

The California Protected Areas Database (CPAD) represents the most robust collection of statewide
park datgTable 81). CPAD includes GIS and attribute data on public land area from over 1,000
agencies across theetdthe dataset was developed by the Greeninfo Network and funded through
the California Natural Resources Agency and others that supported work by the Greeninfo

Network.

Table 81:Identified CPAD database for evaluating effects on urban parklands, bottatewide and for case
studies known to date

Data Source Description Format Yearand
Geographic
Extent
California Protected Greenlinfo Boundaries, Polygon (.shp) 2020/State of
Areas Database Network management CA

agencies, and nam
of national, state,
and regional parks
and preserves

Usingdata fromCPAD, the distribution of protected land units and acreage by their management
agenciewas assessed (FigwB.8he largest acreage by a single agency is represented by
nonprofits, which is primarily conservation areas and land trusts. These are nonirrigated,
undeveloped lands. State and federal lands are similarly dominated byedaoesogate
management and conservation lands.
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Figure 8-1 A breakdown of the California Protected Areas Database showing the distribution of
protected land units (along the xaxis) and acreage (size of circles) across management agencies
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Notes: Figure created by the authorsHollow circles represent the combined counts and acreage
for city and county units and city, county, and special district units

Cityand county as well as city, county, and special district agencies do not manage the largest
numker of acres. They do, however, collectively manage the largest number of individual open space
units. While these three agencies manage a range of land types from recreation spaces to resource

management and conservation areas, they manage all bbt@ane &t 407 oOoLoc al Par k
(~370, 000 acres) and all of the 2,006 oLocal
Looking at just the oLocal Parko66 units manage

are under 10 acres. In higiidyweloped regions, these predominantly smaller units are largely
embedded in the urban landscape. For both developed and undeveloped parklands in the urban
environment, water demand is determined not only by vegetation type and climate zone, but also the
complex interactions of the surrounding built infrastructure. This is in contrast with open spaces

with greater acreage, where the landscapes are more uniform, simplifying evapotranspiration
patterns.

Urban Park Landscapes and Management

Urban parks in Cédrnia range from highly managed turfgrass sports fields and botanical gardens to
less intensively managed parks or conservation areas. While the maintenance of turfgrass, young
trees, and gardens often requires noticeable interventions, such as maygatignweeding, and

pruning, even park areas that appear naturally vegetated may still be actively managed to promote or
remove certain speci{€obster 2013)nd reduce fire rigPoyle 2019)

Climate is particularly crucial to the maintenance of-iighbged urban parks. Where water is

scarce, management of turfgrass aneWagg vegetation depends on water availability and

budgets that accommodate the cost of scarce, often imported water. Where water is more abundant,
urban parks with turfgrass and higdter vegetation require fewer irrigation interventions, and park
managersalnot need to allocate as much of their budgets toward obtaining sufficient water.

While water availability and cost may determine the capacity for urban park managers to maintain
certain types of landscapes, the various preferences of local publics for specific kinds of parks shape
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their distribution and characteristics. These predésraage been related to factors including age

and rac€éElmendorf et al. 2005; Payne et al. 2602)nstance, in Los Angeles, seniors expressed
interest in using park space to grow vegetables anfL&rukaitouSideris et al. 201&yhile

middle school children were more attracted to playing fieldsitouSideris and Sideris 2009)

Equitable access to and benefit from parks cabehershanced by designing parks to

accommodate the preferences and needs of particular underrepresented communities. Incorporation
of these design considerations may involve altering the ways in which vegetated areas are managed
(Gibson et al. 2019)hese considerations sit alongside the resource constaitegisavailability,

budgets, staffing, dicthat influence park vegetation mansayg.

2.2.Mitigation and Adaptation Strategies

Managers of open space and parklands across C
greenness and mature vegetation. In-sedece regions and areas that may need to adjust water

use based on timew objectives, the preservation of greenness may conflict with water

conservation. As climate change progresses, regions of the state where parks departments have
previously knowonlytemporary water scarcity may find that they face an inexorabfé tradeo

between conservation and the maintenance of existing vegetation.

Some vegetation has the capacity to adapt to changing irrigation patterns. Turf, and unshaded turf in
particular, is a watmtensive land cover often found in California parks amétiecrareas. It has

been shown that turf with poorly developed root systems can be successfully weaned from
overwatering over the course of several se@@lens et al. 201%lowever, the adaptive timing

and stratags of other mature vegetation like trees to changes in irrigation regimes are less uniform
and are subject to cascading effects from irrigation changes on nearby vegetation, including turf
(Bijoor et al. 2012a; Cernusak 2020)

Due to the complexity of thelhan landscape with its diversity of plant compositions, ages, and
adaptations, quantifying the overall effect of changing irrigation regimes on urban parklands is quite
challenging. The creation and maintenance of verdant, mesic landscapes isr@easverce

undertaking that may become financially or practically infeasible for some urban parks departments
as water becomes scaera more expensidowever, new watase efficiency objectives and

projected changes in water availability create oppesttm maintain the value of open spaces by
adapting landscapes such that they reflect the resources available in specific contexts, and in some
cases, redefine what a valuable open space lodMselikatives that minimize the use of the most
waterintensive forms of vegetation (i.e. varieties abitumore targeted use of fuyket remain

hospitable, welcoming, and appropriate for a variety of recreational agtstite@mples include

the mixture of mature trees and packed dirt surfaces tfptder urban parks in Latin American

cities, and contemporary landscape designs that make extensive use of native -&ole@mught
species palettes, limiting turf to kigle and recreational areas.

Ur ban par ks depar usendigatios énd clifmatei adaptationonkasures wile r
depend on local climatic, economic, and social factors. Generally speaking, however, parks
departments in wealthier locations will be more likely to experiment with and implement
technological measures to mexweurately measure park water consumption and increase irrigation
efficiency. This is because submetering of existing water lines and snsaallirrigation systems

are significant capital expertbas areout of reach of many municipal parks departsn These
measures may be deployed to maintain parks with mesic landscapderatiemecost or may
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be installed as part of drougbierant renovations of existing urban parks. Urban parks
departments in areas with smaller tax bases and snighi¢s ay be unable to finance such
technological upgrades, and so will be forced to find other means of adapting to increasing water
scarcitySuch measures may include the negitwf to selected spots, elimingtiurf in favor of
synthetic or organgurfacesor forgoing cultivation of underused areas.

Regardless of the fiscal resources available to parks departments, increasing water scarcity, the
scrambling of previously stable precipitation patterns, and increasing average temperatures will entail
rethinking the extensive use of turf and may threaten to diminish tree canopy cover in urban
parklands. Ideally, attempts to preserve or expand urban tree canopy wdhiesitvgnore

climate and wateronscious species and reassessing irrigatimdmthan were implemented in

the past: for example, parks departments could determine whether existing trees can adapt to new
irrigation practices in current and projected climate conditioreplau those that cannot with

species better adapted tolsaonditions as existing trees die off. In some areas, especially in arid
climate zones with few large tree species, it may be most practical to adopt alternatives to large trees
for shading, such as shade arcades or ramadas

2.3.Results: Effects on Urban Pglands

To address the current gap in our understanding of the applicability of the new objectives on urban
parks and inform statewide decisions about data collection related to parks and water use, the team
adopted a castudy approach. The team conddaemstructured interviews with case study

agencies to 1) assess if urban parkland areas could directly fall under th€ B\BUG68

framework, 2) evaluate broader issues of water management for parklands, and 3) understand any
actions parks manageavé taken and can take to adapt to changing water availability.

2.3.1. Analysis of CPAD Database

The CPAD was used to identify parks and management agencies across the state potentially served
by a URWS and therefgretentiallysubject to the new objective.

All park boundaries within the CPAD that lie within a service area boundary were extracted and
filtered to target local urban park agencies that maintain at least some irrigatednhggdy

spaces. Because not all park units fit perfectly within betaidaries, only open space units that

were over 50% contained within a supplier boundary were considered. A summary of that
breakdown can be foundTiable8-2. While there are potential inaccuracies in the CPAD and

possible unintended exclusions andsiahs due to the filtering process, the refined CPAD layer

gives a baseline understanding of the distribution of managed parklands across the URWS. This
table does not include special district areas, which account for a large portion of the nurhber of loca
park and recreation areas, because they were not included as case studies.

The parks layer was refined further by joining park boundaries to the six climate zones. Parks within
the resulting layer were split based on climate region, and the numkarritfspacreage, and

associated URWS were aggregated based on the management agency. A more detailed breakdown c
the distribution of local park units and acreage across the suppliers and climate zones is available in
Technical Appendig.
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Table 8-2: A breakdown of the California Protected Areas Database that shows the distribution of
parks and park acreage within the boundaries of tHeuppliersat varying stages of the filtering
process

Open Space Units Acres Suppliers

Geographic % of total % of total % of total
Area Total CPAD Total CPAD URWS Of 413
units acres service are

CPAD 17,155 49,515,94¢ 409

>50%
Contained by 13,800 80 1,062,277 2 12 406
URWS

oLocal
o0Local
Recreat
Units >50%
Contained by
URWS

10,546 61 326,765 1 4 403

City/County
oLocal
oLocal
Recreat| 9298 54 244,409 <1 3 382
Units >50%
Contained by
URWS

Notes: Calculations by authors based on analysis of the CPAD databaSéy of Vernon, Myoma
Dunes Mutual Water Company, California Water Service Company Antelope Valley, and San
Bernardino County Service Area 70J do not intersecith the CPAD boundary aeas.

2.3.2. Case Studies

A list of potential case study agencies was compiled. Each climate zone was represented and, when
possible, diversity of population and park demgfin each climate zomas considered. Figure 8

2 showshe characteristics @asampled selecti@f case study agencies along with the distribution

of their parks across the climate zones. Eighissertiiured interviews were completed.
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Figure 8-2: A sample selection of case study park agencies that span the six climate zones. The
number of potential waterQuppliers is listed in the URWS column

Notes: Created by authorsWhile multiple suppliers may be listed, some park facilities may be
exclusivdy or partly supplied by other water sources such as local groundwater. The map on the
left shows the estimated park area (in black) of all the agencies listed in the table.

2.3.3. Interviews with Park Management Agencies

Semistructured interviewsonsisting oboth specific and opemded questiongere conducted

with urban parks department managers and staff to serve as cadatstwiiess explored basic
information about the parks and water management strategies including irrigation infrastructure and
watering regimes, water sources, plantings, mitigation actions the park managers have used to deal
with drought conditionsis well aany budgetary concerns related to water management and
vegetation maintenance. In addition, impdetater and vegetationanagement activiti@s park

usersvere also discuss@@ble 8 summarizes basic information about each of the parks
departments interviewed.
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